several animal-derived food products (meat, egg, and blood) was reported (Duarte et al., 2010; Jørgensen, 2005; Milani, 2013; Paoloni, Solfrizzo, Bibi, & Pecorelli, 2018; Sousa et al., 2019; Viegas et al., 2018) . OTA is one of the major problems of wheat, barley, and other small grains around the world, affecting the yield and the quality of grain, and the products achieved from these contaminated materials (Zhang & Wang, 2014) .
The process of cereal grains could influence its OTA contents (Milani & Maleki, 2014) . In previous researches, the effects of processing procedures such as cleaning, milling, extrusion, fermentation, baking, and frying on the fate of OTA have been studied. Scudamore, Banks, and MacDonald (2003) found that cleaning and dry-milling decreased the OTA level in white flour about 55% to 75% (Scudamore et al., 2003) . Furthermore, Scudamore, Banks, and Guy (2004) described that OTA was reduced by 8% to 42% during processing of wheat flour (Scudamore et al., 2004) .
In addition, the thermal processes and fermentation can influence OTA. Although it seems that OTA is very stable at high temperatures and resistant to hydrolysis, some studies reported its reduction during baking . Dahal, Lee, Gu, and Ryu (2016) studied the reduction of OTA during various heating times (up to 60 min) at different temperatures (100, 125, 150, 175, and 200ºC) in the aqueous buffer solutions at different pH (pH 4, 7, and 10). Over 90% of OTA was reduced at 200ºC in pH 4. After processing under an alkaline condition (pH 10) at 100ºC for 60 min, about 50% of the OTA was lost (Dahal et al., 2016) . ValleAlgarra et al. (34) reported that about 30% of OTA was reduced during dough fermentation with S. cerevisiae, depending on the OTA levels added to the wheat flour (Valle-Algarra et al., 2009). Milani and Heidari (2017) found the fermentation stage during bread making had the greatest effect on the OTA (Milani & Heidari, 2017) .
There is little information regarding the impact of yeast level and the fermentation temperature on OTA. The aim of present study was to study the effects of different variables including various levels of S. cerevisiae and the fermentation temperature on the reduction of OTA during bread baking.
| MATERIAL S AND ME THODS

| Chemicals
Crystalline OTA acquired from Sigma was dissolved in methanol to prepare stock standard solutions with the concentration of 1,000 μg/mL and kept at −20°C in a dark glass. Acetonitrile, phosphate-buffered saline (PBS), methanol, ethanol, and acetic acid were purchased from Merck. All the solvents were HPLC purity grade.
Filter papers (Whatman No. 1) were purchased from Whatman (Whatman International Ltd). Immunoaffinity chromatography columns (IAC) for OTA cleanup were from Libios (Bully, France). Pure water was prepared using a Milli-Q apparatus (Millipore). S. cerevisiae was purchased from Khamir Mayeh-e-Razavi. Wheat flour was purchased from the local market in Sari city, Iran.
| Spiking OTA into flour
The European Commission established the maximum limit for OTA in the raw cereal grains and all products derived from cereals for the direct human consumption, as 5 μg/kg and 3 μg/kg, respectively (Commission, 2002) . In this study, wheat flour was initially analyzed for OTA, according to which the level of OTA was below the detection limits of the methods used in this work. One milliliter of standard OTA solution (1,000 μg/L) was diluted with 9 ml of methanol and stored at 4°C in a sealed vial until use. Then, 5 ml of this solution was added to 100 g of flour to achieve the OTA contamination level of 5 µg/kg.
| Bread making
Dough was prepared with mycotoxin-spiked flour, water, yeast, and sodium chloride. Firstly, 100 g of OTA spiked flour was mixed with 2 g edible salt or sodium chloride (purity: 99.8%, Sepid Dane Com, Shiraz, Iran), various levels of yeast (1, 1.5, 2%w/w), and 65 ml of water. Then, dough was physically kneaded until it shaped a steady and elastic structure. Dough pieces were covered with a wet cloth, and fermentation was carried out at different temperatures (25, 30, and 35°C) for 120 min. Finally, the dough was divided into the equal parts of 50 g and the resultant pieces were baked in an oven at 250°C for 10 min.
| Extraction of OTA
The extraction of OTA was carried out according to the method proposed by Institute of Standards and Industrial Research of Iran (ISIRI, 2011) . Briefly, 4 g of samples (dough or bread) was transferred to a mixer. Then, 20 ml of methanol was added and agitated for 2 min. The obtained mixture was filtered through filter paper Whatman No. 1. 6-mL aliquot was mixed with PBS to achieve a 40-mL solution. Finally, 40 ml of the diluted solution was purified with a conditioned immunoaffinity column. The columns were then washed with 10 ml PBS at a flow rate of 1 ml/min and finally dried in an air stream for 2 min. OTA was eluted with methanol (0.5 ml) and poured into a vial and stored at −18°C until analysis. Finally, 100 µl of the elute was injected into the HPLC (ISIRI, 2011).
| OTA analysis
The measurement of OTA was carried out by HPLC (Waters E2695; Waters Corporation, USA). The detection of OTA was done using 
| Determination of pH and titratable acidity (TTA)
After the dough preparation, pH was measured with pH meter (PHS-25, China). Titratable acidity was determined by the titration of 10 g sample by 0.1 N sodium hydroxide (NaOH). TTA is expressed in mL of 0.1 normal sodium hydroxide required to neutralize dough sample to a pH of 8.0 (Mantzourani et al., 2019) .
| Validation of the analytical method
The calibration curve, accuracy, the limit of detection (LOD), and the limit of quantification (LOQ) were determined to validate the used analytical method. The accuracy of OTA measurement method was checked by determining its recovery percentage in the spiking level of 5 and 2.5 µg/kg. Calibration curves (0.25-15 µg/ml) were drawn for OTA by analyzing the least-squares linear regression of OTA peak area versus its concentration data. To calculate the detection limit (LOD) and the quantification limit (LOQ), three and ten times of the standard deviation of the blank sample to the slope of calibration line curve were used, respectively. 
| Statistical analysis
| RE SULTS
| Method validation
The chromatogram of OTA is shown in Figure 1 . For dough sample, the regression equation of calibration curve, R 2 , LOD, and LOQ was y = 448096x + 424.71, 0.9985, 0.1 µg/kg, and 0.3 µg/kg, respectively. Validation data for flour and bread are shown in Table 1 .
| Effect of yeast level on OTA
According to Table 2 , by increasing the amount of yeast from 1% to 2% w/w, the less amount of OTA remained in the dough sample. The F I G U R E 1 HPLC-FLD chromatograms of (a) OTA standard solution (100 µg/L); (b) dough sample after fermentation lowest OTA change was observed in the dough prepared with 1% yeast, while the maximum effect was observed in sample containing 2% of yeast.
| Effect of fermentation temperature on OTA
As shown in Tables 2 and 3 , with increasing the fermentation temperature from 25°C to 35°C, a greater level of OTA was lost. The lowest amount of OTA was witnessed at 35°C for three yeast levels.
The maximum value of OTA observed at 25°C.
| Relationship of pH and titratable acidity with OTA decrement
As shown in Figure 2 , the lowest concentration of OTA (2.03 µg/kg) in fermented dough was related to sample with the lowest pH (4.1) and the highest titratable acidity (5.36 ml). On the other hand, the decomposition of OTA was correlated with pH reduction (Pearson coefficient = 0.966, p < 0.001) and TTA increment (Pearson coefficient = 0.962, p < 0.001).
| Effect of baking process on OTA
After selecting the optimal condition for the dough fermentation 
| D ISCUSS I ON
Food safety is one of the major concerns of each society (Heshmati, 2015) . The present study demonstrated the role of yeast level and the fermentation temperature on OTA reduction. In a previous study done by Milani & Heidari, 2017 , the impact of active dry yeast, instant dry yeast, and compressed yeasts on OTA during wheat dough fermentation was investigated. The findings showed that compressed yeast had the strongest impact on the OTA during the bread fermentation process (Milani & Heidari, 2017) . In current study, our finding showed that OTA reduction during fermentation depended on the compressed yeast and the fermentation temperature.
Our results on the OTA reduction during fermentation differed from the previous studies. In some of these studies, OTA was either not reduced, or its reduction was not significant, while in some other studies, it was declared that OTA content increased after fermentation . In a study done by , sourdough addition into dough resulted in 29%-38% reduction of OTA; however, the statistical analysis showed these changes were not significant . The mean OTA content after kneading and the fermenta- In our study, OTA levels in flour and bread sample were 5 and 1.64 µg/kg, respectively; therefore, its reduction was 67.2%.
However, these findings were not consistent with those of some previously published researches. Vidal, Morales, et al. (2014) de- clared that OTA level during bread making increased up to 24% . In other study, OTA level in flour sample was 8.6 and 0.8 µg/kg and its content reached to 9.9 and 1.1 µg/kg, showing the increment of 15.1%-37.5% . (Milani & Heidari, 2017) . Jayaram et al. (2013) recognized that succinic acid produced by the yeast itself, as one of the main pH-determining metabolites, and carbon dioxide will only exert a minor impact on the dough pH. In the other words, the pH decreased in fermented dough was mainly caused by succinic acid production instead of carbon dioxide dissolution or bacterial organic acids (Jayaram et al., 2013) .
TA B L E 1 Validation data for OTA (µg/kg) in flour, dough, and bread
The cause of greater reduction of OTA at higher fermentation temperatures could be attributed to more S. cerevisiae growth. There are several reports about the optimal growth temperature for yeast. Their results indicated that polysaccharides and peptidoglycans were treated with heat and acid. The heat caused protein denaturation or the formation of the Millard reaction products. Acid conditions affected polysaccharides by releasing monomers and creating aldehydes after breaking glucose bonding. These released products provided more adsorption sites than live cells and could increase surfaces for OTA binding (Bejaoui et al., 2004) . Ringot et al. (2005) surveyed OTA adsorption by three types of yeast industry products: a vinasse containing yeast cell walls (EX16), a purified yeast beta glucan (BETA), and a yeast cell wall fraction (LEC). Results
showed that yeast cell wall fraction was an effective adsorbent for OA removal (Ringot et al., 2005) . In addition to absorption phenomenon between OTA and yeast cells, Cecchini, Morassut, Moruno, and Stefano (2006) reported that there was an independent interaction between OTA and phenolic compounds or other metabolic compounds produced by yeast. These metabolites, possibly linked to phenolic compounds, increased the surface for OTA binding (Cecchini et al., 2006) . Saccharomyces and non-Saccharomyces yeasts had the capability of reducing 0.6 to 42.8% OTA. Some of the important factors affecting this phenomenon consisted of the test conditions (testing on a laboratory scale or living scale), strain, cell size, and toxin concentration (Petruzzi et al., 2014 TA B L E 3 Reduction content of OTA (%) during dough fermentation with various yeast levels in different temperature
The relationship between OTA concentration changes during wheat flour fermentation with pH and acidity
The results showed that the best product, a yeast cell wall from baker's yeast, had the ability to absorb 68% ZEA, 29% AFB1, and 62% OTA.
The absorption phenomenon mainly depended on both composition yeast and mycotoxins. They believed that the adsorption mechanisms were complex for the yeast products, perhaps since more than one site was accessible for mycotoxin, while the configuration and shape of the sorption site were important (Joannis-Cassan et al., 2011) .
The reason for the difference between our results and previous studies, regarding the effect of fermentation on the OTA reduction, could be due to differences in the OTA concentration, fermentation conditions such as period and temperature, pH, and dough combination containing microorganisms and enzymes (Schaarschmidt & Fauhl-Hassek, 2018) .
Bread baking might cause degradation of OTA, which mostly depended on the thermostability of OTA, pH level, and the baking time. The use of yeast or sourdough bread, probably led to the activation of enzymes by yeast, causing the destruction, loss of OTA or its sensitivity to heat (Mansouri-Nasrabadi et al., 2018) . Therefore, OTA could be eliminated or reduced during the bread baking despite being resistant to heat.
| CON CLUS ION
In general, our results revealed that the content of by compress yeast 
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